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SPECIFICATION 

1. Title of the Invention: DISPLAY 

2. Claims 

[Claim 1] A display comprising: an active-matrix circuit 
including a gate-controlled diode having a drain electrode 
and a gate electrode, the drain electrode being connected to 
a displaying element provided on a semiconductor substrate, 
the gate electrode of the gate-controlled diode being 
provided in the form of a loop. 

[Claim 2] The display according to Claim 1, further 
comprising: an information storage capacitor provided under 
the outer periphery of the gate electrode in the form of a 
loop, wherein the drain portion of the gate-controlled diode 
is provided at the portion being in contact with the inner 
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periphery of the looped gate electrode, and a luminescent 
area in the displaying element is provided at a portion 
surrounded by the looped gate electrode. 

[Claim 3] The display according to Claim 1 or 2, wherein 
the drain region is provided under the entire portion 
surrounded the looped gate electrode, and the drain 
electrode also functions as a displaying electrode of the 
displaying element . 

3. Detailed Description of the Invention 

(a) Technical Field of the Invention 

The present invention relates to a display, 
particularly, to a display in which intensity modulation can 
be stably performed and improved quality of display images 
can be achieved. 

(b) Background Art 

In an electroluminescent (EL) panel or the like, a 
considerable number of displaying elements corresponding to 
its pixels is required for the construction of a 
predetermined screen. The same number of driving circuits 
as the elements or lines is required to individually drive 
the elements- Thus, a large number of driving circuits are 
required. 

Therefore, each of the driving circuits preferably has 
a simple structure. 
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In addition, there is a demand for the displaying 
element in which intensity modulation can be stably 
performed and improved quality of display images can be 
achieved. 

(c) Related Art and its Problem 

As shown in Fig. 1, a known driving circuit for 
intensity modulation includes an active matrix a composed of 
one transistor and one capacitor (composed of Ql and C3) . A 
display element, for example, a liquid crystal element b is 
driven by the driving circuit. In this driving circuit, a 
voltage, which is corresponding to brightness information, 
applied to a data bus c charges a capacitor C3 via a 
transistor Ql that is turned on by a scan pulse applied to a 
scan bus do In this way, intensity modulation is performed 
for the element b. 

In order to apply the driving circuit for driving an 
AC-driven displaying element, such as a thin-film EL element, 
the configuration of the driving circuit must be changed to 
a configuration composed of two transistors and one 
capacitor (Ql, Q2, and C3) as shown in Fig. 2. As a result, 
intermediate tones are particularly difficult to be stably 
generated by intensity modulation. Furthermore, the circuit 
has no means for improving the quality of display images. 

(d) Object of the Invention 

The present invention is conceived in view of the 



- 4 - 

above-described problems with the known circuit. It is an 
object of the present invention to provide a display in 
which stable intensity modulation is achieved and improved 
quality of display images can be achieved. 

(e) Construction of the Invention 

In order to achieve the object, a display of the 
present invention includes an active-matrix circuit 
including a gate-controlled diode having a drain electrode 
and a gate electrode, the drain electrode being connected to 
a displaying element provided on a semiconductor substrate, 
the gate electrode being provided in the form of a loop. 

(f) Embodiment of the Invention 

An embodiment according to the present invention will 
be described below with reference to the drawings. 

Fig. 3 is a circuit diagram according to an embodiment 
of the present invention. Fig. 4 shows a devised 
configuration for the integration of the circuit shown in 
Fig. 3. In Fig. 3, reference numeral 1 represents an 
active-matrix circuit for driving an electroluminescent (EL) 
element and reference numeral 2 is an EL cell (displaying 
element) . One electrode of the EL cell 2 is connected to a 
power terminal 3. Another electrode of the EL cell 2 is 
connected to the drain of a gate-controlled diode 4 
(hereinafter, referred to as "GCD") . The substrate SUB of 
the diode 4 is connected to a reference potential, for 
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example, a ground potential. 

The gate of the diode 4 is connected to one electrode 
of a storage capacitor 5 and to a data bus 7 via an address 
transistor 6. The address transistor 6 is, for example, a 
MOS transistor and its gate electrode is connected to a scan 
bus 8. Another electrode of the capacitor 4 is connected to 
the reference potential, for example, the ground potential. 

In Fig. 4 showing an integrated circuit including the 
configuration of the circuit, (4-1) is a plan view and (4-2) 
is a cross-sectional view taken along line IV- IV. In these 
figures, a drain electrode D and a gate electrode G of the 
address transistor are connected to the data bus 7 and the 
scan bus 8, respectively, the data bus 7 and the scan bus 8 
each being arrayed into a matrix. A source electrode of the 
transistor 6 is connected to a loop poly-Si electrode 10. 
The outer portion of the loop poly-Si electrode 10 and a p + 
diffusion region are separated by a thermally grown oxide 
film 11 (part of a Si0 2 insulating film 16) having a 
thickness of 1,000 A to define the storage capacitor 5 there. 
A thermally grown oxide film 12 (part of a Si0 2 insulating 
film 16), having a thickness of 1,000 A, under the inner 
portion of the poly-Si electrode 10 functions as a gate 
insulating film of the GCD 4. Thus, the poly-Si electrode 
10 on the gate insulating film functions as a gate electrode 
of the GCD 4. An n + region is formed by diffusing 



phosphorus into a portion (in p-type silicon substrate 13) 
surrounded the loop poly-Si electrode 10 through the loop 
poly-Si electrode 10 functioning as a mask. The n + region 
functions as not only a drain electrode of the GCD 4, but 
also as a displaying electrode of the EL cell 2. 
Alternatively, a drain electrode of the GCD 4 may be 
connected to a displaying electrode of the EL cell 2 formed 
independently . 

After the driving circuit is thus formed by a Si 
process, if necessary, a light shield and an electric shield 
are provided (not shown) so that the display electrode is 
exposed alone. Then, an electroluminescent layer 14 of the 
EL cell 2 is formed on the entire circuit by a thin-film 
forming process such as vapor deposition or sputtering. The 
electroluminescent layer 14 may be composed of a luminescent 
layer alone, or may further contain an insulating layer 
composed of, for example, Y 2 0 3 , Si 3 N 4/ or Al 2 0 2 . Then, a 
transparent conductive film 15 (common counter electrode) is 
formed on the electroluminescent layer 14 to complete an EL 
panel . 

The operation of the display of the present invention 
including such a configuration will be described below. 

A driving voltage V A shown in Fig. 5 (5-1) is applied to 
the power terminal 3. A scan pulse V Y/ which is a frame 
frequency, shown in Fig. 5 (5-2) is supplied to the scan bus 



8. A voltage V x , which is shown in Fig. 5 (5-3), 
corresponding to brightness information including 
intermediate tones is applied to the data bus 7. 

When the scan pulse V Y is applied at the timing shown in 
Fig. 5 (5-2), the address transistor 6 turns on. As a 
result, a voltage V Gi at that time is maintained in the 
storage capacitor 5 for one frame (see Fig. 5 (5-4)), and 
then the voltage is applied to the gate of the gate- 
controlled diode 4. 

The reverse breakdown voltage of the diode 4 changes 
depending on the gate voltage according to the relationship 
shown in Fig. 6. The characteristic of the diode 4 is 
explained by the following reason: As shown in Fig. 7, the 
diode 4 has a structure of a MOS transistor in which a 
source diffusion region is omitted. A potential 
distribution between the drain and the substrate is affected 
by the gate potential while a voltage is applied. A lower 
gate potential causes the steepening of the potential 
gradient of a depletion layer generated by a p-n junction 
under an edge of the gate, thus resulting in the occurrence 
of the breakdown at a lower drain voltage. 

As described above, since the reverse breakdown voltage 
of the diode 4 changes, drain voltages V D are clamped to 
different levels as shown in Fig. 5 (5-5) . As shown in Fig. 
5 (5-6) , a positive peak value of a voltage across the EL 
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cell 2 (Veen = V A -V D ) varies between V A -V zi and V A -V Z0 
depending on the gate voltage V G . 

When V ce n is V A -V Z0 , the thin«film EL device 1 having a 
steep threshold property emits light having a saturated 
luminance of B 0 . When V ce ii is V A -V zi , the thin-film EL device 
1 emits light having a dark luminance of Bi (see Fig. 8) . 

That is, the luminance of the EL cell can be changed by 
setting the values of the V A and V D . Thus, the gate voltage 
can control the luminance. Therefore, the application of 
the gate voltage having an intermediate voltage of V G 2 causes 
the EL device to emit light having an intermediate luminance 
of B 2 - 

As shown in Fig. 4, in the present invention, by 
increasing the gate length of the GCD 4 and reducing the 
area occupied by the gate, the luminescent area is 
increased; hence, a clamp operation can be performed at low 
impedance. As a result, a driving control for stable 
intermediate tones can be performed and a multifunctional 
display having high-quality display images can be achieved. 

In the above-described embodiment, the GCD 4 having a 
single-loop gate has been described. A plurality of 
luminescent areas may be provided, 
(g) Advantages of the Invention 

As described above, the present invention has the 
advantages as follows: (1) a driving control for stable 
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intermediate tones can be performed; and (2) the quality of 
display images can be improved/ etc. 

4. Brief Description of the Drawings 

Figs. 1 and 2 each show a driving circuit of a known 
display element. Fig. 3 is a circuit diagram of a display 
according to the present invention. Fig. 4 shows a 
configuration for the integration of the circuit shown in 
Fig. 3. Fig. 5 is a timing chart illustrating the operation 
of the circuit according to the present invention. Fig. 6 
is a graph showing the characteristic of the gate-controlled 
diode. Fig- 7 is a schematic view illustrating the 
principle of operation of the gate-controlled diode. Fig. 8 
is a graph illustrating the operation of the EL cell. 

Among these figures, reference numeral 1 represents an 
active-matrix circuit, reference numeral 2 represents an EL 
cell, reference numeral 4 represents a gate-controlled diode, 
reference numeral 5 represents a storage capacitor, 
reference numeral 6 represents an address transistor, 
reference numeral 7 represents a data bus, reference numeral 
8 represents a scan bus, reference numeral 10 represents a 
poly-Si electrode, reference numeral 13 represents a p-type 
silicon substrate, reference numeral 14 represents an 
electroluminescent layer, and reference numeral 15 
represents a transparent conductive film. 
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FIG. 4 

LUMINESCENT AREA 
FIG. 6 

1: GATE VOLTAGE 

2: REVERSE BREAKDOWN VOLTAGE 

FIG. 7 

P-N JUNCTION 

FIG. 8 
LUMINANCE 
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